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ABSTRACT 
Raindrop size distributions are presented in a tabular form for 
3135 samples of one cubic meter each. These were obtained from a drop 
camera at Island Beach, New Jersey during the period of October 30, 1960 
through May 24, 1962. For each of the samples, certain parameters 
calculated from the distribution are reported. These include rainfall 
rate, radar reflectivity, liquid water content, attenuation cross-section, 
median volume diameter, and the total number of drops. Average distributions 
for various rainfall rates and radar reflectivities are also reported. 
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FOREWORD 
The data reported here were collected under the sponsorship of 
the U. S. Army on Contracts DA-36-039 SC-75055 and DA-36-039 SC-87280. 
The analysis of the data was continued on Contract DA-28-043 AMC-00032(E). 
Similar data for Miami, Florida, have been published as Research 
Report 9B under Contract DA-36-039 SC-87280 in June 1962 (AD No. 289453). 
Data for Majuro Atoll, Marshall Islands, have been published as Technical 
Report ECOM-02071-RR1 under contract DA-28-043 AMC-02071(E) in March 1967. 
In preparation are four additional reports on data collected from Woody 
Island, Alaska; Corvallis, Oregon; Franklin, North Carolina; and Bogor, 
Indonesia. 
The collection and analysis of the data have involved a number of 
personnel. Warren Carlson of Point Pleasant, New Jersey operated the drop 
camera. The data were reduced by a number of meteorological aides. Much 
of the machine processing of the data was performed by Marvin C. Clevenger. 
Robert Cataneo has assisted in certain aspects of the preparation of this 
publication. 
Much of the credit for the research and administration of the 
project is due Glenn E. Stout, Head of the Atmospheric Sciences Section 
and William C. Ackermann, Chief of the Illinois State Water Survey. 
The tabulation of the data and much of the analyses were done on 
the IBM 7094-1401 computing facility of the University of Illinois. The 
facility is partially supported by a grant from the National Science 
Foundation, NSF GP-700. 
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DATA COLLECTION AND ANALYSIS 
The raindrop size distributions reported here were obtained by a 
drop camera technique at Island Beach State Park, New Jersey during the 
period of October 30, 1960 to May 24, 1962. This park is on a narrow 
peninsula between the Atlantic Ocean and the Barnegat Bay, about 63 miles 
south of New York City. The camera was on the Atlantic beach at latitude 
39°52' N and longitude 74°5' W. 
The drop camera technique used was similar to that described by 
Jones and Deanl and by Mueller2. Briefly, it consisted of a 70-mm 
camera and an optical system which sampled rainfall by taking photographs 
of the raindrops falling through a specific volume. This volume was a 
right circular cylinder approximately 29 inches in diameter and 14 inches 
deep. After some deductions for optical obstructions, this volume is 
about 1/7 cubic meter. A series of seven photographs was taken during a 
10.5-second period, once each minute, thereby providing a sample of one 
cubic meter during each minute. In New Jersey 3135 samples were obtained 
and are presented in this report. 
For measurement, the drop camera film was projected onto a 
translucent screen so that the drop images were twice their actual sizes. 
Two measurements were made of each drop image (the major and minor axes) 
by using electrical calipers designed specifically for this purpose. 
The calipers were opened and closed by hand to fit the diameter of the 
raindrop image, and the actual drop diameter was recorded automatically 
into a data card. Drops as small as 0.4 mm have been measured by this 
method. The maximum overall accuracy expected using this drop size 
measuring technique is estimated to be ± 0.2 mm. 
The two measurements of each drop were used by a computer to calculate 
the equivalent spherical diameter. These diameters were tabulated into a 
size frequency distribution for each 1-m3 sample. 
Several parameters were calculated by the computer from these 
distributions as follows: 
a) The rainfall rate, R, was calculated by the equation 
where D is the drop diameter, N(D) is the number of drops of size D to 
D + dD, v(D) is the terminal fall velocity for a drop of size D, and K 
is a constant to adjust units. The fall velocities used were those 
determined by Gunn and Kinzer3. 
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b) The radar reflectivity, Z, is given by 
This value of Z is directly applicable in determining the radar back 
scattering cross-section for wavelengths of 3 cm and longer by the 
Rayleigh approximation. 
c) The 3-cm total attenuation cross-section, Q, is determined from the 
Mie scattering theory assuming a complex index of refraction of 8.18 -il.96. 
The equations for these calculations are given by Marshall, East and Gunn4. 
d) The liquid water content, L, is given by 
e) The median volume diameter, DL, is that drop diameter for which 
half of the liquid water is contained in drops of sizes less than DL, and 
half in sizes greater than DL. That is, 
f) NT is the total number of drops in the sample. This is not 
precisely the number of drops per cubic meter, since the sampling volume 
was actually 0.9705 m3 for 7 frames at New Jersey. A correction for 
this volume has been applied to all calculated values but has not been 
applied to the number of drops either in a size interval or the total 
number. The volume of 0.9705 m3 is referred to as a 1-m3 sample. 
In cases where only six frames were usable in a particular sample, 
an asterisk follows the number of drops. In these cases, NT and the 
numbers of drops in each increment of size have been multiplied by 7/6. 
Due to round-off errors in these cases, NT may not equal exactly the sum 
of the numbers in the distribution. 
Samples which have less than eight drops or rainfall rates of less 
than 0.1 mm/hr have not been reported. 
Two sets of average distributions have been calculated and are included 
in this report. The average distributions by rainfall rate were obtained by 
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sorting the 1-m3 distributions in ascending order of rainfall rate, and then 
grouping them arbitrarily into groups containing distributions having similar 
rates. For each group, the number of drops of each size increment was 
averaged. The resulting average distribution was then used to calculate 
parameters similar to those calculated for the 1-m3 samples. All the average 
parameters have been normalized to a 1-m3 basis, including the drop 
concentration, NT, and the number of drops in each drop size increment. The 
average distributions by radar reflectivity were obtained in a similar fashion, 
except that the distributions were grouped by similar radar reflectivity, 
rather than by rainfall rates. 
DATA FORMAT FOR ONE-CUBIC-METER SAMPLES 
The format for the l-m3 sample distributions is illustrated in Figure 1. 
Each sample may use up to three lines; the first line is always present, but 
the second and third lines are omitted if there are no drops of the sizes 
contained in those lines. 
The first line begins with the date and time. Immediately following the 
time is a two-digit number indicating the synoptic situation prevalent at the 
time of the rain. The meaning of this number can be found in Table 1. 
TABLE 1 
SYNOPTIC TYPE CODES 
(2 digits to the right of time) 
Code Synoptic Type 
00 Air Mass 
02 Pre-Cold Frontal 
04 Pre-Cold Frontal Orographic 
06 Post-Cold Frontal 
08 Overrunning 
10 Warm Frontal 
14 Cold Type Occlusion-Concurrent 
37 Tropical Storm, NW Sector 
60 Trough Aloft 
85 Extra-Tropical Cyclone, NW Sector, - "Northeaster" 
Blank Not Classified 
Calculated values identified as R, Z, Q, L, DL, and NT follow, and are 
identified in Table 2. Notice that Z is in "scientific notation," i.e., the 
number to the left of the "E" is to be multiplied by the power of 10 indicated 
by the number to the right of the "E". 
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Figure 1. Examples of the format used for one-cub ic -mete r samples 
TABLE 2 
DEFINITIONS OF TERMS AND UNITS 
Symbol Definition Units 
R Rainfall rate mm hr-1 
Z Radar reflectivity mm6m-3 
Q Attenuation 
cross-section mm2m-3 
L Liquid water content 
of rain g m-3 
DL Median volume diameter mm 
NT Total concentration m-3 
An asterisk after NT indicates a six-frame sample. The dropsize 
distribution begins following NT. The number of drops in each 0.1 mm 
size increment is indicated for drop diameters of 0.5 to 1.4 mm. 
The second line of the format contains the distribution for drop 
diameters from 1.5 to 5.5 mm. If the distribution contains no drops 
larger than 1.4 mm, this line is omitted. 
The third line contains the distribution for drop diameters from 
5.6 to 7.9 mm. If the distribution contains no drops larger than 
5.5 mm, this line is omitted. 
DATA FORMAT FOR AVERAGE DISTRIBUTIONS 
The format for average distributions is basically similar to the 
l-m3 format, except that certain items which are not applicable have 
been omitted. The first line contains R, Z, Q, L, DL, and NT as before. 
Following NT is NS, the number of one-cubic-meter samples in the average 
distribution. The drop distribution follows NS, and begins with the 
number of 0.5-mm drops, and continues in 0.1-mm increments to 7.9 mm. 
The first two lines of each set are always present; remaining lines are 
used only as far as necessary to report all non-zero concentrations. 
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Raindrop size distributions are presented in a tabular form for 
3135 samples of one cubic meter each. These were obtained from a drop 
camera at Island Beach, New Jersey during the period of October 30, 1960 
through May 24, 1962. For each of the samples, certain parameters 
calculated from the distribution are reported. These include rainfall 
rate, radar reflectivity, liquid water content, attenuation cross-section, 
median volume diameter, and the total number of drops. Average distributions 
for various rainfall rates and radar reflectivities are also reported. 
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